Summary. Observations were made on the reproductive biology of black mastiff bats maintained in a laboratory colony. Many of the females were inseminated within 24 h after the introduction of the males, and most exhibited a period of 10\p=n-\50days during which spermatozoa were present in their vaginal smears almost every day. The frequency of sperm-positive smears began to fall off around the time of implantation, but some smears taken much later in pregnancy were positive. The extent to which spermatozoa in the smears came from reservoirs in the female tract could not be thoroughly investigated, but evidence was obtained that the females have more than a limited period of oestrus. Female courtship behaviour and new copulations were sometimes observed many days after the start of the breeding activity. Also, histological studies of the reproductive tracts of females which had recently mated revealed that many were not in a periovulatory condition. Intact spermatozoa were usually found in the uterine horns and distal oviducts of preovulatory bats and those carrying tubal ova. Spermatozoa were absent from the oviducts of animals bearing early uterine embryos, and were much less abundant in the uterine horns after the start of implantation. Many of the excess spermatozoa appeared to have been expelled into the upper cervix where phagocytic leucocytes were commonly observed in the lumen. Some sperm components were also taken up by epithelial cells in the oviducts and uterine horns.
Introduction
The black mastiff bat (Molossus ater) is a relatively large insectivorous species which occurs widely in the New World tropics from southern Mexico to southern Brazil, Paraguay and northern Argentina (Cabrera, 1958; Hall & Kelson, 1959; Villa, 1966;  Koopman, 1978 ; K. F. Koopman, personal communication; Dolan, 1982; Myers & Wetzel, 1983) . Since this bat is colonial and often roosts in buildings, as well as hollow trees, it is frequently regarded as a nuisance and is of some public health interest.
In addition to scattered, brief comments on the reproductive status of wild-caught specimens, relatively little is known about reproduction in black mastiff bats. Observations were made by Sansom ( 1932) ater). Wimsatt (1975 Wimsatt ( , 1979 noted that M. ater, like nearly all other members of the family Molossidae examined to date (Krutzsch & Crichton, 1985; van der Merwe et al., 1986 ) exhibits a dextral dominance in functioning of the reproductive tract. Ovulation has been found to occur only from the right ovary, with implantation then taking place in the right uterine horn. The morpho¬ genesis of the chorioallantoic placenta in the black mastiff bat is also of interest since this organ appears to develop only at the cranial end of the right uterine horn (J. J. Rasweiler, 
unpublished observations).
To investigate the factors which determine the positioning of the chorioallantoic placenta, methods have been devised for maintaining and breeding this species in the laboratory. The present paper deals with the breeding biology of the black mastiff bat. Among other observations sperm¬ atozoa were found in the daily vaginal smears from many of the females for unusually long periods of time, thus raising the possibility that oestrus is prolonged in this bat and/or that the females are capable of storing spermatozoa. Considerable attention will therefore be focussed upon both the timing of female receptivity to the male and the fate of the spermatozoa in the female tract.
Materials and Methods
Animal procurement. All of the bats utilized in this study were 
Results

Reproductive behaviour
Black mastiff bats possess a large gland at the base of their throats which is prominent in adult males but non-functional in females (Horst, 1966) . This Although all of these did breed, 3 inseminated relatively few females during the 7-15 days the sexes were housed together, and these males were replaced by better breeders. In those cages where good stud males were used from the start, 29/70 females were inseminated within the first 24 h after introduction of the males (Fig. 1) . During subsequent weeks sperm-positive smears were obtained from many of the females on any given day, although frequently only very small numbers of spermatozoa or sperm heads could be found in a smear. Furthermore, most of the females exhibited a period of 10-50 days duration during which spermatozoa were present in their smears almost every day. Spermatozoa were usually absent or only sporadically present in the smears before and after this period.
The decrease in sperm-positive smears appeared to be related to the fact that the females had become pregnant, rather than to a change in the libido of the males. In 4 breeding cages many of the females were allowed to continue well into pregnancy or to deliver their young. Nearly all (35/37) of the pregnant animals in these cages exhibited a fall-off in sperm-positive smears, although males were still present. The two bats which did not were killed relatively early in pregnancy and carried only unimplanted uterine embryos. When the males were removed from these cages, they were immediately housed with non-pregnant females and soon exhibited a high level of breeding activity, inseminating 22/32 females within 48 h.
The frequency of sperm-positive smears seemed to fall off around the time of implantation. Almost all (16/17) of the bats bearing healthy vesicular or Graafian follicles, tubai ova or unimplanted uterine embryos had sperm-positive smears until the day of death. The exception was a female carrying a uterine morula, and only her last smear was sperm-negative. Spermatozoa were also observed in the smears of 7/13 females carrying implanting or implanted blastocysts until the day of death; however, in 4 of those 7 females sperm-negative smears were common in the last 6-8 days. The remaining 6 bats with implanting or implanted blastocysts had negative smears for 5-14 days before death.
Spermatozoa were observed sporadically in the vaginal smears of some females well into pregnancy. Sperm-positive smears were obtained within 1 week of death in 7 females found to be carrying well-developed fetuses (4-9-11-4 mm crown-rump length). How much longer this may continue is unclear, since females in advanced pregnancy were not housed with males or subjected to daily smearing.
Several lines of evidence indicate that black mastiff bats exhibit more than a limited period of oestrus. Females sometimes displayed intense interest in the males, were observed copulating, or had new vaginal plugs many days after the start of breeding activity (Fig. 1) Some spermatozoa were also found in the distal oviduct, most frequently in the intramural segment of the junctura, and less commonly in the isthmus, in many (15/22) of the preovulatory animals and in the 2 bats carrying tubai ova. Spermatozoa were seen in the oviducal ampulla only in 2 of the females with Graafian follicles. There was no suggestion of a special morphological relationship between the spermatozoa and the oviducal epithelium such as has been reported for some of the bats which store spermatozoa (Medway, 1972; Racey et al., 1975; Krishna & Dominic, 1978; Mori & Uchida, 1980; Mori et al., 1982; Krishna, 1984) .
Vaginal plugs were present in 5 of these females when they were killed. Upon histological examination the plugs were found to be limited to the vagina, with spermatozoa being most abun¬ dant at the cranial end of the plug. In two of these bats no spermatozoa were present in the cervix, although small numbers (presumably from prior inseminations) were noted in the endometrial glands of the horns.
Spermatozoa were still present in many of the bats carrying implanting or recently implanted blastocysts, but were usually much less abundant in the uterine horns than in previous stages of pregnancy. Furthermore, most of the uterine spermatozoa were broken and a large proportion were located within the endometrial glands. Nearly all of these bats also lacked any oviducal spermatozoa. The 2 animals with the earliest implanting blastocysts were exceptional in that one still had many uterine spermatozoa and the other had a few spermatozoa in the junctura of the left oviduct.
Small numbers of degenerate spermatozoa were observed in the endometrial glands of the non-gravid left horn, and much less frequently in the gravid right horn, in some of the bats carrying more advanced conceptuses (i.e. somite stage or older). Spermatozoa can apparently persist in these glands for substantial periods during pregnancy. In 3 females (which carried fetuses of 12· 1-22-6 mm crown-rump length), spermatozoa were still present in the glands 7-13 days after removal of the males and 22-53 days after the last sperm-positive vaginal smear. Small numbers of degenerate spermatozoa were also observed in the cranial end of the cervix in some of these pregnant bats (i.e. in females carrying fetuses up to 9-7 mm crown-rump length).
Nine non-pregnant, postovulatory females were killed after exhibiting sperm-positive smears for 3-10 days. Although all had recently formed corpora lutea, the general histological appearance of the reproductive tracts strongly suggests that ovulation had occurred well before the start of breeding activity. In 4 of these bats well-developed decidual reactions were evident in the uterine horns. These animals had spermatozoa in the cervices, but none in the uterine horns or oviducts, possibly because closure of the uterine lumen had occurred and interfered with sperm transport.
Such closure of the lumina was also noted in bats carrying implanting blastocysts. In 4 other bats much of the endometrium was disorganized and/or necrotic and in the process of being sloughed into the lumen in a menstrual-like fashion. Decidual reactions had begun in all or part of the endometrium in 3 of these animals. In another female, the endometrium was much thinner but the presence of abundant cellular debris in the lumina indicated that a similar sloughing process had occurred. Spermatozoa were absent from the cervix, uterine horns and oviducts in 4 of these bats, but were present in the cervix and left uterine cornu of the fifth animal. In the latter individual a prominent decidual reaction had occurred in the right horn, and had probably interfered with sperm transport on that side, but not in the left horn.
Although spermatozoa were frequently seen at the cranial end of the cervix, they were noted in the remainder of the cervix only in 4/71 tracts. In 3 of these 4 bats decidual reactions had occurred in one or both uterine horns and sperm transport had not occurred into the affected horns.
Fate ofspermatozoa in the female tract Spermatozoa were moderately abundant in the intramural portion of the oviduct until passage of the embryo into the uterus, but then disappeared from that region. Presumably this is a result of the clearance of most spermatozoa back into the uterus, since no evidence was obtained for their movement at that time in an ovarian direction.
Components of a few spermatozoa were taken up instead by the oviducal epithelium (Fig. 2) . Sperm heads were seen within the epithelium in the following bats: 1/12 non-pregnant with large vesicular or Graafian follicles; 2/2 carrying tubai ova; 1/5 carrying unimplanted uterine embryos; and 1/2 carrying early implanting blastocysts. Since the heads were often well within the epithelium Fig. 2 . Section of oviducal isthmus from a bat which had a large Graafian follicle at the germinal vesicle stage in its right ovary. Two sperm heads (arrows) are evident within the epithelium. Masson's trichrome, 2300. Fig. 3 . Section through the luminal epithelium in the non-gravid, left uterine horn of a bat carrying an early implanting blastocyst. Two sperm heads (arrows) can be seen in the epithelium. PAS-haematoxylin, 2300. Fig. 4 . Tangential section through a small ridge of luminal epithelium projecting into the nongravid, left uterine horn of a bat carrying an early implanting blastocyst. The arrows indicate the locations of sperm heads (all of which could not be brought into focus simultaneously in the photomicrograph) in the epithelium. With two possible exceptions all of these sperm heads had to be within the epithelium since they were not associated with any PAS-positive material (glycocalyx and/or secretions) clearly evident on the exposed surfaces of the epithelial cells. PAS-haematoxylin, 1687. Fig. 5 . Frontal sections through the right horn of a uterus which contained a blastocyst (B) at the primitive streak stage. The zona pellucida (arrow) which had surrounded this embryo was found at the extreme cervical end of the horn. O = intramural portion of the oviduct. Masson's and located in the same focal plane as the epithelial cells, their presence there could not be attributed to displacement during histological processing. It was also common in the females carrying tubai and early uterine embryos to see pycnotic nuclei and intensely stained fragments of chromatin in the oviducal epithelium, often within vacuoles. The elongated shapes of some of these nuclei or chromatin masses suggests that they had come from spermatozoa rather than necrotic epithelial cells or leucocytes.
With the initiation of implantation the number of free spermatozoa in the uterine lumina dropped markedly. Some of these were taken up by epithelial cells lining the lumen and the luminal portions of the endometrial glands (Fig. 3) . Sperm heads were seen in the epithelium in these sites in 3/5 bats carrying unimplanted uterine embryos and in 5/13 bats bearing implanting or recently implanted embryos. Furthermore, far more spermatozoa were present in the uterine epithelium in some of these animals (Fig. 4) than were ever observed in the oviducal epithelium. Fragments of pycnotic chromatin which may have been derived from spermatozoa were also commonly seen in the uterine epithelium in all of the bats carrying implanting or recently implanted embryos. Since no large scale movement of phagocytic cells into the uterine lumen was noted during this period, one must suspect that many other spermatozoa had been expelled into the cervix. Observations on the zonae pellucidae shed by the uterine blastocysts, when the zonae could be found, provided evidence that there is movement of fluid in the appropriate direction. In 5 bats the discarded zonae were trapped on the cranial side of the expanding blastocysts; however, the zonae were found at the caudal end of the uterine horn in 4 bats (Figs 5 & 6) and in the cranial end of the cervix in another. The transport of more of these zonae into the cervix appears to have been prevented by closure of the lumen of the right uterine horn which occurred during the early stages of implantation. Some spermatozoa trapped in the uterus by luminal closure also appeared to undergo necrosis while still in the lumen.
Relatively few leucocytes were seen in the cervical lumen of preovulatory females and those carrying tubai ova. Polymorphonuclear leucocytes and sometimes macrophages were observed in the lumen of the cranial end of the cervix in 10/18 females carrying free to recently implanted uterine embryos. The number of cervical leucocytes varied considerably between animals, but in some of these bats large numbers were seen both in the lumen and migrating through the cervical epithelium. Furthermore, in some animals these luminal polymorphonuclear leucocytes and macrophages contained an abundance of phagocytized sperm heads.
Discussion
A striking feature of reproduction in black mastiff bats is that spermatozoa are so commonly found in the vaginal smears for prolonged periods after the start of breeding activity. Since sperm storage is known to occur in females belonging to two other bat families (the Vespertilionidae and Rhinolophidae; Racey, 1979) consideration must be given to the possibility that spermatozoa released from reservoirs in more proximal regions of the female tract may be partly responsible for these observations in the black mastiff bat. Many of the preovulatory and recently post-ovulatory bats were found to have intact spermatozoa in the uterine horns and the intramural segments of the oviducts, but the question of how long spermatozoa remain viable in those sites could not be addressed. On the other hand, sperm-positive vaginal smears were obtained from bats during periods (e.g. the late luteal phase of the cycle and pregnancy after the start of implantation) when reservoirs of intact spermatozoa were not present in those regions. The results of the histological studies indicate that insemination in the black mastiff bat is vaginal. When seminal plugs were found, they were limited to the vagina. Furthermore, in 2 animals with such plugs no spermatozoa were present in the cervices.
Although spermatozoa were frequently observed at the cranial end of the cervix, they were only rarely seen in the remainder of the cervical canal. This suggests that spermatozoa are rapidly transported through the latter after insemination. It also raises a question about the extent to which spermatozoa may subsequently be cleared back into the vagina from more cranial regions of the tract. Some ciliated cells are present in the cervical epithelium, and the caudal two-thirds of the cervix is particularly rich in smooth muscle. The ciliated cells and smooth muscle could play important roles in transporting spermatozoa through the cervix and possibly in preventing their later clearance into the vagina. Matthews, 1937; Wimsatt, 1945 Wimsatt, , 1969 Pearson et al., 1952; Gopalakrishna & Madhavan, 1971 , 1978 Medway, 1972; Krutzsch, 1975; Racey, 1975 Racey, , 1979 Myers, 1977; Krishna & Dominic, 1978; Oxberry, 1979) . Nearly all of these bats are known to store spermatozoa in the female tract, but many have been observed to copulate again during the period leading up to ovulation. Vesicular follicles were usually present in their ovaries from the time of the first inseminations, but copulations have been recorded in several vespertilionids even before such follicles were evident (Guthrie, 1933) . Sperm¬ atozoa have also been observed in the reproductive tracts from other bats (Noctilio albiventris, family Noctilionidae, and Pteropus giganteus, family Pteropodidae) which lacked large preovula¬ tory follicles (Rasweiler, 1978; Towers & Martin, 1985) . When efforts were made to breed captive Phyllostomus discolor (family Phyllostomidae) many of the females were inseminated soon after introduction of the males and continued to exhibit sperm-positive smears, occasionally interrupted by a negative one, for many days in succession (Rasweiler & Ishiyama, 1973) . Another phyllostomid, Carolila, will frequently breed at times other than around ovulation (Bonilla & Rasweiler, 1974) but does not exhibit extended periods of sperm-positive smears as do females of M. ater and P. discolor. In Glossophaga soriana (also a phyllostomid bat), however, the onset of receptivity in the female consistently occurred only in close temporal proximity to ovulation (Rasweiler, 1972) . Krutzsch & Crichton (1985) noted the presence of spermatozoa in the reproductive tracts of wildcaught Molossus fortis, non-pregnant and pregnant females, for an extended period but could not determine whether the spermatozoa had been stored or multiple inseminations had taken place.
The uptake of sperm components by the oviducal and uterine epithelial cells of the black mastiff bat, presumably by means of phagocytosis, is unusual but not unique to this species. The same phenomenon has been reported to occur in the oviducts and/or uteri of a variety of other mammals including the rat, mouse, guinea-pig, rabbit, hedgehog, mole, stoat (Kohlbrugge, 1913; Austin, 1959 Austin, , 1960 Austin & Bishop, 1959; Chakraborty & Nelson, 1975) and the bats Rousettus (Kohlbrugge, 1910 (Kohlbrugge, , 1913 , Rhinolophus (Austin & Bishop, 1959; Austin, 1960 ; Austin & Walton, 1960; Mori et ai, 1982; Uchida et ai, 1984) , Pipistrellus (Austin & Bishop, 1959; Austin & Walton, 1960; Mori & Uchida, 1974; Racey, 1975; Krishna, 1984 Krishna, , 1985 , and Myotis (Wimsatt et ai, 1966; Racey, 1975; Krutzsch et al., 1982) . Only in some mice and bats has this been found to involve substantial numbers of spermatozoa. The significance of such uptake by epithelial cells in the female tract, as opposed to other means of sperm disposal, remains to be elucidated. In the case of the black mastiff bat it becomes apparent in the uterus immediately before implantation. This raises the possibility that it may be related to increased endocytotic activity which occurs primarily for other reasons. Endocytosis has been observed in the epithelia of progestational rat and mouse uteri (Enders & Nelson, 1973; Enders, 1976; Leroy et al., 1976; Parr, 1980) , and it has been suggested that this may play a variety of important functions during early pregnancy (see Enders & Nelson, 1973; Parr & Parr, 1977 
